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 Large woody debris (LWD) is an important component of a healthy aquatic 
ecosystem. However, little is known about the dynamics of LWD in a large, channelized 
river such as the Missouri River.  My objectives were to first, assess the abundance of 
LWD found along the channelized portion of the Missouri River.  Second, I documented 
movement of LWD that entered the river.  Lastly, using PRIMER software I analyzed 
what effect, if any, river segments, bend types, and LWD had on the community 
composition of the macroinvertebrate and fish that inhabit the river.  Abundance of LWD 
was greater along bends that have flow diverted away from the bank compared to bends 
that had recent modifications to divert flow to the shore (major modification bends) and 
areas with little bank armoring, such as, side channel chutes (P<0.05).  Recruitment of 
LWD into the river that could become available as aquatic habitat occurred mostly within 
5 m of the bankfull width (BFW).  Telemetry analysis of LWD showed that LWD located 
within the BFW of the river was often (63% of LWD) displaced downstream.  Minimum 
distance of displaced LWD was 0.02 rkm, median distance was 146.50 rkm, and 
maximum distance was 1454.69 rkm.  No differences were found in the community 
composition of macroinvertebrates between segments (P=0.43) or between bend types 
(0.074).  Community composition did differ between LWD and non-LWD sites 
         
v
 
(P=0.016).  Fish communities differed between the segments (P=0.043) therefore further 
analyses were split between the segments.  Segment 8 fish communities did not differ 
between bend types (P=0.35) or between LWD and non-LWD sites (P=0.55).  Results 
were similar in Segment 9 (bend types (P=0.20), LWD and non-LWD sites (P=0.19)).  
Combining the macroinvertebrate communities and fish communities to test for 
differences in the combined biota community composition showed that differences did 
not exist between the segments (P=0.59) or bend types (p=0.29).  However, the 
composition of the composite community was different between LWD and non-LWD 
sites (P=0.011). My results suggest that while retention of LWD is low it still has an 
effect on the composition of the composite communities that inhabit the Missouri River.   
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Chapter 1 
LARGE WOODY DEBRIS AND ITS EFFECTS IN A LOTIC SYSTEM 
 
Large woody debris (LWD) has numerous effects on streams and rivers that range 
from the seemingly small like a collection place for detritus to the very large such as 
changing the direction of channels (Angermeier & Karr 1984, Bilby & Bisson 1998). The 
influence of LWD on lotic ecosystems is extremely important because it is one of the 
principle components for increased habitat diversity (Abbe & Montgomery 1996).  
Large woody debris can influence channel form.  New main channels, secondary 
channels, and meander cutoffs can all result from LWD redirecting flow.  Additionally, 
sand bars are created by LWD thus slowing flows that create pools in the channel margin 
(Keller & Swanson 1979, Bisson et al. 1987, Bilby & Bisson 1998).  Large woody debris 
has also been shown to reduce bed scour and the subsequent bed lowering that occurs 
particularly in clear, sediment hungry waters (Bilby 1984). 
Increases in invertebrate production can also be attributed to the presence of LWD 
(Angermeier & Karr 1984).  Large woody debris provides a stable substrate for 
invertebrates that require a hard surface such as net spinning caddis flies (Phillips & 
Kilambi 1994, Benke & Wallace 2003).  A debris jam also facilitates accumulation of 
smaller debris and detritus giving much needed food resources for numerous types of 
shredders like stone flies (Angermeier & Karr 1984). 
Invertebrates are not the only benefactors of an accumulation of LWD.  The 
increase in invertebrate abundance is accompanied by an increase in insectivorous fish 
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species (Lehtinen et al. 1997).  Piscivores and prey species also mutually benefit by using 
LWD as cover to ambush prey or as camouflage to hide from predation (Angermeier & 
Karr 1984).  Additionally, LWD provides a velocity refuge for invertebrates and fish 
species alike (Palmer et al. 1996, McClendon & Rabeni 1987). 
The benefits LWD provide are often reduced when retention and the potential for 
accumulation are limited.  Heimann (1988) found that both the biological and 
geomorphic effects of LWD vary according to the amount of LWD accumulated in a 
given location.  The benefits of LWD are greater if there is an accumulation rather than a 
single piece.  This fact becomes a key point as the size of the river increases.  
 Most LWD present in a large river will be carried out quickly (Piegay 2003).  
Whether LWD is carried swiftly downstream or resides in channels for decades or even 
centuries is dependant on a number of factors such as channel size, slope, depth, and 
velocity (Murphy & Koski 1989, Swanson et al. 1984, Hyatt & Naimann 2001).  The 
most important factor seems to be water depth in relation to the circumference of the 
LWD (Haga et al. 2002).  Specifically, retention of LWD is dependant upon depth of the 
water being less than the buoyant depth of the LWD (Braudrick & Grant 2001).  In large 
rivers, this ratio of water depth to buoyant depth is most likely to occur at flow diversion 
points like the apex of bars or areas of shallow, slower water like side channels (Piegay 
2003).  
Research on LWD has developed mostly in the last 30 years with an emphasis on 
small, mountain streams (Gregory 2003).  A void of information exists on LWD in large 
rivers, particularly in large channelized rivers.  Piegay (2003) suggests three reasons why 
this void exists: 1) we assume that large woody debris has little to no role in the 
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ecological equation of a large river, 2) smaller streams are easier to study and 3) human 
uses and demands in large rivers out weigh natural functions of wood in rivers.  There are 
emerging thoughts, however that some of the assumptions are not entirely accurate and 
that LWD may indeed be more important in large river systems than was earlier believed. 
 Large woody debris research on the Missouri River has been largely ignored 
much like LWD on other large systems.  There is a lack of knowledge that exists on the 
dynamics of LWD in a managed and highly engineered system, as well as, what benefits 
biota might gain from LWD being retained within this system.  These two reasons 
coupled with the fact that a significant financial investment is being used in the recovery 
of the endangered and threatened species that inhabit this system drives the need to 
understand biotic interactions with LWD in the Missouri River.  
 The Missouri River was forever changed when the federal government enacted 
the Pick/Sloan Plan in 1944 and the Missouri River Bank Stabilization and Navigation 
Project in 1945 (Laustrup & LeValley 1998 ).  These two programs turned a free-flowing 
river into a system of reservoirs, highly engineered channels, and regulated flows 
(Laustrup & LeValley 1998).  The Missouri River drains one-sixth of the United States 
and flows 3,767-km to its confluence with the Mississippi River.  Only about one third of 
the Missouri River remains unchannelized whereas, 35% is impounded, and 32% is 
channelized with stabilized banks (Laustrup & LeValley 1998).  Along with these 
alterations, removing LWD and/or facilitating its quick departure was key to ensuring 
smooth navigation along the lower channelized portion of the river.   
 Impoundment, channelization, and bank stabilization have led to changes in flow 
regime, reduction in habitat, and lower turbidity (Keenlyne 1990).  These three 
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alterations have had a negative impact on numerous species that inhabit the Missouri 
River.  For example, pallid sturgeon Scaphirhynchus albus are native to the Missouri 
River and were listed as an endangered species by the United States Fish and Wildlife 
Service in 1990, in part, due to declining numbers in the Missouri River system.  These 
declines can likely be attributed to the major alterations that have occurred in the river 
system over the past 60 years.  The Missouri River Natural Resources Committee 
(Laustrup & LeValley 1998) has also listed numerous other fish species as species of 
concern.  These species include: 
 Lake sturgeon Acipenser fulvescens 
 Flathead chub Platygobio gracilis 
 Sturgeon chub Macrhybopsis gelida 
 Sicklefin chub Macrhybopsis meeki 
 Western silvery minnow Hybognathus argyritis 
 Plains minnow Hybognathus placitus 
 Blue sucker Cycleptus elongatus 
 Burbot Lota lota 
 Paddlefish Polyodon spathula 
 
The response to long-term declines in native fishes has led to state and federal support for 
creating habitat in the Missouri River.  Much of the initial habitat rehabilitation is being 
conducted by the United States Army Corp of Engineers (USACE).  The intent of the 
rehabilitation is to establish new or maintain existing sustainable populations of 
endangered or threatened fish species.  One of the means the USACE is using to restore 
the population of the pallid sturgeon is increasing the amount of shallow water habitat 
(USACE 2004).  The USACE is implementing practices such as notching wing dykes, 
bank notches, revetment notches, dredging backwaters, chutes and side channel 
construction, and chevron construction techniques that facilitate shoreline erosion or 
sediment deposition in channel border areas to create shallow water acres (USACE 
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2004).  Theoretically, an increase in shoreline erosion should result in an increase in the 
introduction of LWD while an increase in shallow water habitat should increase the 
number of areas where LWD can accumulate.  
 The focus of my research was to examine LWD recruitment and movement into 
the Missouri River, as well as fish and invertebrate responses to the habitat created by 
LWD.  My specific objectives were to: 
1) Assess the immigration and emigration of LWD in the channelized portion of the 
Missouri River (Chapter 2),  
2) Analyze displacement and terminus of LWD in the channelized portion of the 
Missouri River (Chapter 2), and   
3) Examine the biotic use of LWD in the channelized portion of the Missouri River 
in Nebraska (Chapter 3). 
6 
        
6
 
References 
 
 
Abbe, T. B. and D. R. Montgomery. 1996. Large woody debris jams, channel hydraulics and 
habitat formation in large rivers. Regulated Rivers Research and Management 12: 201- 
221. 
 
Angermeier, P.L. and J.R. Karr. 1984. Relationships between woody debris and fish habitat in a 
small warmwater stream. Transactions of the American Fisheries Society 113:716-726. 
 
Benke, A.C. and J.B. Wallace. 2003. Influence of wood on invertebrate communities in streams 
and rivers. Pages 149-177 in S.V. Gregory, K.L. Boyer, and A.M. Gurnell, editors. The 
Ecology and Management of Wood in World Rivers. American Fisheries Society 
Symposium 37, Bethesda, Maryland. 
 
Bilby, R. E. 1984. Removal of woody debris may affect stream channel stability. Journal of 
Forestry 82: 609-613. 
 
Bilby, R. E. and P. A. Bisson. 1998. Function and distribution of large woody debris. Pages 324-
346 in R. J. Naimand and R. E. Bilby. River ecology and management. Springer-Verlag, 
New York, New York. 
 
Bisson P.A, R.E. Bilby, M.D., Bryant, C.A., Dolloff, G.B.Grette, E,A.House, M.L. Murphy, 
K.V. Koski, and J.R. Sedell. 1987. Large woody debris in forested streams in the Pacific 
Northwest: past, present, and future Pages 143–190 in E. O. Salo and T. Cundy (eds.), 
Proceedings of an interdisciplinary symposium on streamside management: Forestry and 
fishery interactions. University of Washington Press, Seattle, Washington. 
 
Braudrick, C. A. and G. E. Grant. 2001. Transport and deposition of large wood debris in 
streams: A flume experiment. Geomorphology 41: 263-283. 
 
Gregory, K.J. 2003. The Limits of Wood in World Rivers pages 1- 19 in S.V. Gregory, K.L. 
Boyer, and A.M. Gurnell, editors. The Ecology and Management of Wood in World 
Rivers. American Fisheries Society Symposium 37, Bethesda, Maryland. 
 
Haga H., T. Kumagai, K. Otsuki, and S. Ogawa. 2002. Transport and retention of coarse woody 
debris in mountain streams: an in situ field experiment of log transport and a field survey 
of coarse woody debris distribution. Water Resources Research 38 1/1-1/16 
 
Heimann, D.C. 1988. Recruitment trends and physical characteristics of coarse woody debris in 
Oregon Coast Range streams. Master’s thesis. Oregon State University, Corvallis, 
Oregon. 
 
Hyatt T.L. and R.J.  Naiman. 2001.  The residence time of large woody debris in the Queets 
River, Washington, USA. Ecological Applications 11:191-202  
7 
        
7
 
 
Keller, F.A. and F.J. Swanson. 1979. Effects of large organic material on channel form and 
fluvial processes. Earth Surfaces Processes 41:361-380 
 
Laustrup, M. and M. LeValley. 1998, Missouri River Environmental Assessment Program: 
Columbia, Mo., Missouri River Natural Resources Committee, USGS BRD Columbia 
Environmental Research Center. Columbia, Missouri. 
 
Lehtinen, R.M., N.D. Mundahl, and J.C. Madejczyk. 1997. Autumn use of woody snags by 
fishes in backwater and channel border habitats of a large river. Environmental Biology 
of Fishes 49:7-19. 
 
Keenlyne, K.D. 1990. Endangered and threatened wildlife and plants; determination of 
endangered status for the Pallid Sturgeon. United States Fish and Wildlife Service. 
Federal Register 55: 36641-36647. 
 
McClendon D.D. and C.F. Rabeni. 1987. Physical and biological variables useful for predicting 
population characteristics of smallmouth bass and rock bass in an Ozark stream. North 
American Journal of Fisheries Management 7: 46-56 
 
Murphy, M.L. and K.V. Koski. 1989. Input and depletion of woody debris in Alaska streams and 
implications for streamside management. North American Journal of Fisheries 
Management 9:427-436. 
 
Palmer M.A., P. Arensburger., A.P. Martin, D.W. Denamn. 1996. Disturbance and patch-specific 
responses: The interactive effects of woody debris and floods on lotic invertebrates. 
Oecologia 105:247-257. 
 
Phillips E.C. and R.V.  Kilambi. 1994. Utilization of coarse woody debris by Ephemeroptera in 
three Ozark streams of Arkansas. The Southwestern Naturalist 39: 58-62. 
 
Piegay, H. 2003. Dynamics of wood in large rivers pages 109-133 in S.V. Gregory, K.L. Boyer, 
and A.M. Gurnell, editors. The ecology and management of wood in world rivers. 
American Fisheries Society Symposium 37, Bethesda, Maryland. 
 
Swanson F.J., M.D Bryant., G.W. Lienkemper, and J.R. Sedell. 1984. Organic Debris in small 
streams, Prince of Wales Island, southeast Alaska. Gen Tech. rep. PNW-166. Portland, 
Or: U.S. department of Agriculture, Forest Service, Pacific Northwest Forest and Range 
Experiment Station: 12p 
 
USACE (United States Army Corp of Engineers). 2004. Shallow water habitat report. USACE, 
Report 2004 SWH. Washington D.C. 
8 
        
8
 
Chapter 2 
LARGE WOODY DEBRIS IN THE MISSOURI RIVER: ABUNDANCE, 
RECRUITMENT, AND RETENTION. 
 
Introduction 
Large woody debris (LWD) research in river systems has shown that channel 
form, sediment storage, water velocity, bank erosion, and bed scour are all influenced by 
the presence of LWD (Keller & Swanson 1979, Megahan 1982).  Additionally, there is a 
greater variety of fish when LWD is present, an increase in fish nursery areas, and an 
increase in production and diversity of invertebrates (Angermeier & Karr 1984, Benke & 
Wallace 2003, Piegay and Gurnell 1997).  While woody debris research has become a top 
concern to researchers and managers over the past 30 years (Gregory 2003), the 
geographical focus has been in small, mountain streams. This has left a void of 
information on the influence of woody debris in large river systems.  
Large woody debris has numerous positive effects on a river, including pool 
formation, velocity changes, sediment movement, gravel deposition, and retention of 
organic matter that leads to habitat formation and even changes in channel direction 
(Bilby & Bison 1998).  Large woody debris has also reduced channel scouring and bed 
lowering in some systems (Bilby 1984).  These results likely exhibit themselves more 
readily in smaller order streams, but LWD also has an impact on large rivers (Martin 
2001).  Large woody debris in large rivers can lead to an increase in diversity of habitats 
(Angermeier & Karr 1984; Benke et al. 1985), especially on a large, managed river 
system that is dominated by deep, fast-flowing, and sediment-hungry water.  In these 
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systems, LWD may have less influence on channel form.  However, increased channel 
width, the creation of bars, meander cutoffs, secondary channels, and pools in the channel 
margins have all been created as a result of the presence of LWD thus adding diversity to 
available habitats (Keller & Swanson 1979, Bisson et al. 1987).  Furthermore, Abbe & 
Montgomery (1996) found that LWD accumulations in large rivers are one of the 
principle mechanisms controlling habitat diversity at the reach level.  
The biological and geomorphic effects of LWD vary according to the amount of 
LWD accumulated in a given location.  The benefits of LWD can be greater if there is an 
accumulation rather than a single piece (Heimann 1988).  Stream order and channel size 
also likely play a role in the accumulation of LWD where larger streams require larger 
LWD to effectively accumulate debris (Bisson et al. 1987).  Therefore, most LWD 
present in a large river will be quickly carried out of a given reach with very little 
retention time because the size of the LWD relative to the river channel is too small to be 
retained (Piegay 2003). 
Figure 2-1 is a conceptual model describing the fate of an individual piece of 
LWD in a large unchannelized river. The size of the arrow in relation to the others 
represents the hypothesized likelihood of that action occurring. As stated above, Piegay 
(2003) established that displacement out of a large river system is most likely to occur. 
This is not the only fate for LWD as other research has found that large woody debris 
may be carried downstream swiftly or may reside in channels for decades to even 
centuries (Murphy & Koski 1989, Swanson et al. 1984, Hyatt & Naiman 2001).  Factors 
like channel size, slope, depth, and velocity play the largest roles in determining distance 
traveled by and volume of LWD retained within a given reach (Bilby & Ward 1989, 
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Piegay 2003, Rutherford et al. 2002).  Haga et al. (2002) found that greater water depth, 
in relation to the circumference of LWD, was responsible for facilitating movement.  
Conversely, in-stream obstructions were responsible for restricting movement.  Murphy 
& Koski (1989) found movement of LWD out of a given reach was dependant on channel 
size and was inversely proportional to LWD diameter.  
Figure 2-2 is a conceptual model for a large unchannelized river hypothesizing 
LWD displacement in relation to the distance from bankfull width (BFW) at different 
gage heights. Most LWD in a large river that is within reach of the main channel should 
be easily displaced. Depth variation should increase as the distance from BFW decreases 
providing more areas that fit the criteria established by Haga et al. (2002) as well as 
Murphy and Koski (1989). This should allow for increased retention, or conversely, a 
decrease in displacement. An increase in gage height from low flow to medium flow 
shifts the shallow water areas closer to BFW. During high level flows, or flows that often 
exceed BFW, shallow areas disappear and obstructions above BFW become the primary 
cause of LWD retention. Therefore, LWD displacement should be at its highest when 
flows exceed BFW.  
The role that LWD plays on a large river can only be extrapolated from what has 
been done on lower order lotic systems at present because of the lack of information on 
large rivers.  A better understanding of what role LWD is playing is crucial so that 
biologists have as much information as possible when making decisions regarding the 
management of large rivers like the Missouri River.  The Missouri River ecosystem is in 
a precarious position where a significant financial investment (about $50 million in 2009 
alone) is being invested into rehabilitation efforts without knowing the value of LWD.  
11 
        
1
1
 
Therefore, we need to better understand how LWD fits into this ecosystem and also in the 
rehabilitation of the Missouri River System as the river is subjected to future 
management scenarios.  
 The Missouri River drains one-sixth of the United States and flows 3,767-km to 
its confluence with the Mississippi River.  The Missouri River has historically been 
subjected to numerous anthropogenic needs but was physically changed when the federal 
government enacted the Pick/Sloan Plan in 1944 and the Missouri River Bank 
Stabilization and Navigation Project in 1945 (Laustrup & LeValley 1998 ).  These two 
programs turned a free-flowing river into a system of reservoirs, highly engineered 
channels, and regulated flows (Laustrup & LeValley 1998).  Only about one third of the 
Missouri River remains unchannelized whereas, 35% is impounded, and 32% is 
channelized with stabilized banks (Laustrup & LeValley 1998). 
Impoundment, channelization, and bank stabilization have led to changes in flow 
regime, reduction in habitat, and lower turbidity (Keenlyne 1990).  These three 
alterations have had a negative impact on numerous species that inhabit the Missouri 
River.  For example, pallid sturgeon Scaphirhynchus albus are native to the Missouri 
River and were listed as an endangered species by the United States Fish and Wildlife 
Service in 1990.  These declines can likely be attributed to the major alterations that have 
occurred in the river system over the past 60 years.  One response to long term declines in 
native fishes has been creating and rehabilitating habitat in the Missouri River.  The 
intent of the habitat work is to establish new or maintain existing sustainable populations 
of endangered or threatened fish species.  One of the methods the USACE is using to 
restore the population of the pallid sturgeon is by increasing the amount of shallow water 
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habitat (USACE 2004).  The USACE is implementing practices such as notching wing 
dykes, bank notches, revetment notches, dredging backwaters, chute and side channel 
construction, and chevron construction techniques that facilitate shoreline erosion or 
sediment deposition in channel border areas to create shallow water habitat acres 
(USACE 2004).  Shallow water habitat is defined as an area within the river where depth 
is less than 1.52 m and flows are less than 0.76 m/sec (USFWS 2000). 
Research on smaller order systems as well as unchannelized rivers has shown that 
LWD can create areas of sediment deposition downstream of LWD accumulations.  Over 
time, these areas can grow to form shallow water areas as well as sand bar habitats 
(Keller & Swanson 1979, Abbe & Montgomery 1996).  The components necessary for 
LWD to create sand bar and shallow water habitats, recruitment of LWD from the 
terrestrial environment, as well as, the movement and subsequent retention of LWD in 
the active river channel, in a large unchannelized river are difficult to assess and thus 
there has been very little research conducted.  Therefore, my goal is to begin to fill the 
information gaps that exist on LWD. My objectives are to: 
1) Assess the recruitment, immigration and emigration of LWD into the channelized 
portion of the Missouri River.  
2) Analyze displacement and terminus of LWD initially deposited in the channelized 
portion of the Missouri River.  
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Methods 
Study Areas 
I concentrated on the Missouri River between Sioux City, IA, and the confluence 
of the Kansas River (Figure 2-1) for this study.  The study area is divided into two 
segments to remain consistent with ongoing research by the Nebraska Game and Parks 
Commission.  The Missouri River is divided into research segments.  Each segment has 
features that make it unique when compared to adjoining segments.  Segment 8 is located 
between Sioux City, IA and the confluence of the Platte River (Figure 2-3) and is the 
beginning of the channelized portion of the river.  Segment 9 begins at the Platte River 
confluence and ends at the confluence of the Kansas River.  Five study sites (4 river 
bends and 1 chute) were identified within each segment (Figure 2-4).  These study sites 
represent the different levels of major construction implemented by the USACE.  These 
sites were then used to assess the amount of LWD recruitment, retention and the rate of 
movement caused by flows among the prevalent bend types (control bend, major 
modification bend, and off-channel chute) found along the channelized portion of the 
Missouri River.  Control bends; constructed as part of the Pick/Sloan Plan (1944) and the 
Missouri River Bank Stabilization and Navigation Project (1945) (Laustrup & LeValley 
1998) consist of solid-unnotched wing dikes used to divert flow to a main channel that is 
maintained for navigational purposes.  Major modification bends are former control 
bends that have been modified by lowering wing dikes and adding chevrons between the 
modified dikes.  The goals of these modifications were to create shallow water habitat by 
creating an area where sediment can be deposited as well as to divert water to both the 
main channel and to the bank to erode the shoreline (USACE 2004).  Off-channel chutes 
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were originally constructed as trenches cut into the flood plain and connected to the river 
as another way to increase shallow water habitat on the Missouri River (USACE 2004).  
The chutes ideally become shallow with slow water velocities in summer months to 
facilitate fish nursery areas (USACE 2004). 
The overall focus of this study is what effect LWD has on the aquatic 
environment and its biota.  Therefore, for this study, recruitment shall be defined as LWD 
that is introduced into the active river channel regardless of whether it actually becomes 
available for use as habitat.  I divided each study site into 12, randomly selected subunits, 
six on the inside portion of the bend (ISB) and six on the outside portion of the bend 
(OSB) to assess LWD recruitment and retention.  Subunits were 100 m long on control 
bends, chutes, and all OSBs.  These areas show much less bank line erosion, because of 
flow diversion and rock armored banks, therefore LWD recruitment was expected to be 
less than inside bend study sites and major modification bend study sites.  Major 
modification bends had a subunit length that equaled the length of the chevron – dike 
complex.  This complex consisted of the up-stream lowered wing dike, the chevron, and 
the downstream lowered wing dike.  Major modified bend sub-unit lengths varied 
between 150 and 275 m.  
Data Collection 
Large woody debris was defined as trees (live or dead) with a minimum diameter 
of 15 cm and a minimum length of 5 m (Agrandi 2006).  Eight sites were surveyed during 
the summer of 2007 to determine the present status, location, and total volume of 
available LWD.  Shoreline areas within subunits of each study site were surveyed for all 
large woody material.  This survey included stem counts for all large woody material 
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found in the near-shore littoral zone up to 10-m inland from the bankfull width (BFW).  
The near-shore littoral zone is defined as the channel margin up to a depth of  6 m or 30 
m from the wetted perimeter depending on which is closer (Agrandi 2006).  Bank full 
width is defined as that area along the shoreline where the vegetation shows signs of 
frequent disturbance and is generally located directly above the non-vegetated portion of 
the shoreline (Agrandi 2006).  All LWD was marked using aluminum tags etched with a 
unique alpha-numeric code for later identification.  
A location of individual LWD along with GPS coordinates including distance 
from the bank full width was recorded.  All LWD inshore from bank full width was given 
a positive distance measure, while LWD in the near shore littoral zone received a 
negative designation.  The position of each tree (standing or fallen) was recorded where a 
fallen tree was defined as any LWD whose crown is touching the ground or whose crown 
is below the bank full width.  Each piece of LWD was recorded as alive or dead and I 
also quantified the state of decay using a modified version of Hennon’s et al. (2002) 
decay classification (Table 2-1). 
Each site was re-sampled during fall 2008 to document changes in LWD 
abundance.  Follow-up sampling consisted of surveying any new LWD in the subunit as 
well as recording previously tagged LWD that could not be found.  This information was 
used to determine annual recruitment and retention of LWD.   
Recruitment of LWD from the terrestrial environment to the aquatic is crucial to 
the health of a lotic system but the fate of LWD introduced to the channelized Missouri 
River is unknown.  Therefore, I used radio telemetry to measure movement and gain 
insights into the fate of LWD once it enters the river.  Five pieces of dead and fallen 
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LWD were selected from the inside portion of the bend at each study site that were 
available from 5 m inshore of bankfull width to the channel edge of the near-shore littoral 
zone.  Four of the five pieces selected were positioned between BFW and the near-shore 
littoral zone, while the remaining one piece of LWD was positioned between the BFW 
and 5 m inland to document any movement during a high flow event.  Each chosen LWD 
was implanted with a radio telemetry tag (ATS model #1860B) in early March 2008.  
Tags were inserted into the tree at its largest diameter and held in place using a two-part, 
waterproof epoxy along with two screws inserted above the tag at a 45 degree angle to 
prevent tag loss if the epoxy failed. 
I attempted to locate all LWD implanted with transmitters a minimum of once 
during spring, summer, and fall using a radio receiver and visual confirmation.  Initial 
tracking was conducted by boat, but aerial tracking was also conducted in July 2008 and 
in September 2008 to locate LWD that traveled beyond the confluence of the Kansas 
River (Figure 1).  The July 2008 flight covered approximately 535 rkm from the Platte 
River confluence (rkm 957.6) to Miami, MO (rkm 422.9).  The September 2008 flight 
covered 667.9 rkm from the Platte River confluence to confluence with the Mississippi 
river and further downstream on the Mississippi River to Memphis, TN covering a total 
of 1,600 rkm.   Location (GPS coordinates) and LWD position within the river (stopped 
on sandbar, chevron, wing dyke, or still free floating) were recorded for all LWD located 
while tracking when possible. 
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Results 
 
LWD Abundance 
 
I collected information on 2,167 pieces of LWD in the Missouri River where, 
1,544 were alive (1,492 standing and 52 fallen), 613 were dead (502 fallen and 111 
standing) and 10 were recorded without this information (Table 2-2).  Control bends 
exhibited a higher abundance than major modification bends (P=0.011) and off-channel 
chutes (P=0.0016) while major modification bends exhibited a higher abundance than 
off-channel chutes (P=0.025) (Figure 2-5).  Tree composition was markedly different 
between the two areas delineated by the BFW; the near-shore littoral zone to BFW and 
BFW inland.  For example, live trees dominated the BFW to inland areas; where 75% of 
the LWD was composed of live trees, compared to the river to BFW areas, where 18% 
were live LWD (Figure 2-6).   
Diameter of the LWD had no significant effect on whether LWD was recruited to 
the river.  Large diameter LWD (diameter > 0.3 m) was just as likely to be recruited as 
was smaller diameter LWD (diameter<0.2m).  However, recruitment of LWD to the 
Missouri River was directly related to whether the LWD was alive or dead (χ2=367.5, 
DF=2
 ,,
P< .0001).  Only about 5% of live LWD was unaccounted for after one year as 
opposed to 25% of dead LWD.  Recruitment of LWD into the river was also correlated 
with distance that it lies from bankfull width.  No new debris was found inland farther 
than 5 m and very little debris was removed farther than that distance as well.  Retention 
of LWD was low in the near shore littoral zone (Figure 2-7).  The area inside of BFW 
seems to act mostly as an exchange area for LWD.  Areas closest to BFW exhibited some 
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retention that increased as distance from BFW decreased (-2 m = 28.5%, -1 = 33.3%, and 
under -1 = 56.3%). 
Movement 
 Movement of LWD varied from no displacement to being displaced several 
hundred kilometers (Figure 2-8).  Most LWD (63%) implanted with transmitters moved 
from their initial location.  The terminus of LWD transported downstream was recorded 
for 23 of the 30 pieces but seven were unaccounted for during this study.  Eight of the 
nine (89%) pieces of LWD with a transmitter that started above BFW remained in the 
same position in the floodplain.  Conversely, 74 % of the LWD with transmitters (29 of 
39) initially located below BFW moved from the initial position.  
Large woody debris that was displaced downriver had originating positions 
(location when tag was inserted) that consisted of one above BFW, 11 on water diversion 
structures, 2 in the water, and the remaining 16 were found on the shore an average of 2.8 
m from the water and 7.73 m from the BFW.  
 Downstream displacement varied where the minimum distance recorded was 0.2 
rkm while the maximum distance was 1454.7 rkm.  However, LWD initially located 
below the confluence of the Platte River, moved significantly farther distances (P = 
0.0252).  Segment 8 LWD was transported an average of 101.3 rkm compared with 
segment 9 LWD being transported an average of 646.2 rkm.  Further, five pieces of LWD 
(17% of those relocated) were located below the Missouri River/Mississippi River 
confluence.  
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Discussion 
 The abundance of LWD along the channelized Missouri River appears to be 
correlated to the intensity of recent anthropogenic influence on the area.  Control bends 
have banks that are protected by diverted flows and have seen limited human influence 
since their original construction.  Those two reasons have likely contributed to the highest 
abundance of LWD in comparison to the other two types of bends sampled (which have 
been manipulated within the last 10 years.)  The off-channel chutes show significantly 
less abundance when compared to major modification and control bends.  Major 
modification bends are recently converted from control bends so we assume that these 
bends had a LWD abundance (before they were converted for habitat creation) very 
similar to the abundance found on control bends.  However, the abundance is now 
significantly less than the control bends.  The engineered structures along the major 
modification bends seem to allow for a portion of flow to be diverted toward the 
shoreline creating the opportunity for bank erosion and introduction of LWD during high 
flows. 
 Recruitment of LWD from the riparian area into the Missouri River was observed 
as being mostly restricted to beaver activity, catastrophic events such as wind throw, and 
to areas that have flow diverted to an unarmored bank.  Robinson and Beschta (1990) 
predicted that 50% of the wood in a river came from within 15 m of the active river while 
100% came from within 60 m.  My research has shown that the majority of LWD 
recruited to the channelized Missouri River originated in the near shore littoral zone up to 
1 m inland with little recruitment beyond 5 m inland.  
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My telemetry results have shown that LWD retention is low and may be a factor 
in preventing LWD accumulation in the channelized Missouri River.  Several locations 
had LWD lining the banks and recruitment of that debris to the river did occur (Figure 2-
7).  However, once LWD enters the river, it is typically carried downstream swiftly.  In a 
span of a 6 months more than 60 percent of the tagged LWD was transported 
downstream.  Additionally, nearly 10 percent of the total was carried out of the Missouri 
River entirely.  This lack of retention comes with possible long term effects to the biota 
that inhabit the river.  Stable populations of invertebrates have been attributed to stable 
accumulations of LWD (Phillips & Kilambi 1994 and Benke &Wallace 2003) which in 
turn can provide a stable food base for fish species (Benke et al. 1985) suggesting that 
biotic interactions with LWD are complex.  Furthermore, concurrent research has shown 
that the presence of LWD can affect the composition of macroinvertebrate communities 
(Chapter 3).  Beyond aquatic species that use LWD, sandbars formed by stable LWD 
jams can be used for nesting by birds like federally threatened Piping Plover (Charadrius 
melodus) and endangered Least Tern (Sterna antillarum) also found on the Missouri 
River system (USFWS 2000).  
Piegay (1993) and Piegay et al. (1999) found LWD will be distributed in 
predictable areas along a river.  These areas, referred to as roughness elements, include 
bar surfaces, flow diversion points, concave banks, and side channels (Piegay 2003).  
Roughness elements provide the necessary conditions for large woody debris entrapment, 
an area where water depth is less than the buoyant depth of the LWD (Braudrick & Grant 
2001).  Additionally, the force exerted by the water velocity must be low enough to keep 
the key member (the initial piece of LWD in a debris jam) from dislodging (Abbe & 
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Montgomery 1996).  The presence of these two conditions (proper water depth and 
velocity) increases the likelihood of long term retention and the possible formation of a 
debris jam (Manners & Doyle 2008).  A large, managed river such as the Missouri River 
generally lacks these elements needed for long term retention of LWD.  Historically, the 
portion of the Missouri River that is now channelized had an average channel width of 
300 to 3,050 m coupled with varying depths and velocities (Schneiders 1996).  Post 
channelization, this same portion of river is now uniformly 2.7 m. deep with a channel 
width of 91 m.  Additionally, the river is now largely absent of much needed roughness 
elements; sandbars, side channels, long bends, and areas of shallow slowing moving 
water that promote accumulation of LWD (Schneiders 1996).  Figure 2-9 is a model of 
the fate of a single piece of LWD introduced into the channelized portion of the Missouri 
River using data compiled from this research.   The majority of LWD displaced will not 
be permanently retained. Less than 7% of the LWD introduced to the river became 
anchored in the study area. Fifty percent was available for use by river biota through 
near-shore deposits; however, it was not anchored. Therefore, when gage height increases 
unanchored LWD could be displaced again and only has a 6.7% chance of being retained. 
Only 3 repetitions of this cycle (gage height increase-LWD introduction) are needed 
before nearly all LWD that was initially introduced to the river is carried out of the study 
area or placed above the BFW.  
Opportunities seem to exist that would provide LWD inputs to aid in the recovery 
of the Missouri River biota. My data show that there is an available supply of LWD along 
the shoreline, yet retention of the debris once it is introduced into the active channel is 
lacking.  Some retention of LWD in the channelized Missouri River is also plausible 
22 
        
2
2
 
under current management practices.  However, this would require additional engineering 
concepts in key places to add the roughness elements that are necessary for LWD 
retention.  Ideally, the elimination of navigation flows (or a return to a more natural 
hydrograph), reclamation of some of the lost floodplain, and allowing the river to reclaim 
some of that land would facilitate LWD retention and the subsequent shallow water 
habitats that could be created.    
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Table 2-1. Modified version of Hennon’s et. al. (2002) decay classification ratings 
used to classify large woody debris.  
 
Rate of Decay Classification   
Structures retained/soil contact Snag/Log Class 
Foliage 1 
Twigs 2 
Secondary branches 3 
Primary branches 4 
No limbs 5 
Bole broken at soil level 6 
Integrated into soil  - 
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Bend Name 
Bend 
Type 
Average 
Length 
(m) 
Average 
Diameter (m) 
Average 
State of 
Decay 
Number 
Recorded 
Barney Upper Control 9.85 0.27 1.59 485 
Copeland 
Lower Control 10.28 0.26 1.53 437 
Boyer 
Major 
Mod 9.74 0.34 1.78 506 
Desoto Cutoff 
Major 
Mod 10.75 0.37 2.30 429 
California 
Chute Chute 13.13 0.45 4.71 33 
Hamburg Chute Chute 13.71 0.32 1.98 56 
Hamburg 
Upper* 
Major 
Mod 11.78 0.27 2.00 158 
Tobacco* 
Major 
Mod 10.55 0.30 1.63 63 
Table 2-2.  Data collected on LWD found at 8 study bends along the Missouri 
River in summer of 2007.  Asterisk denotes bends that were sampled fully. 
28 
        
2
8
 
LWD Introduced to the River
LWD Transported Out of the 
System
LWD Deposited 
in Near-Shore 
Littoral Zone
LWD Deposited Above BFW
LWD Retained
Decay
Water 
EventWater 
Event
Water 
Event
Increase in 
Gage Height
 
 
 
 
 
 
 
 
 
 
 
Figure 2-1. Conceptual model showing the fate of a single piece of 
large woody debris (LWD) in a large river. The 4 large unfilled arrows 
are sized in proportion to the predicted probability of that fate 
occurring.  
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Figure 2-2. Conceptual model for a large unchannelized river 
using previous literature to hypothesize LWD displacement in 
relation to the distance from bankfull width (BFW) at three 
different gage heights. The x axis represents the distance from 
BFW. The positive numbers denote the distance inland from 
BFW while negative numbers represent the distance from BFW 
through the near-shore littoral zone.  In the channelized portion 
of the Missouri River flow stages can be replaced with winter 
flow (low flow), navigation flow (medium flow), and flood 
stage (high flow).  
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Figure 2-3 Study area including segments on the channelized portion of 
the Missouri River.  
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Figure 2-4. Study area including sample sites on the channelized portion 
of the Missouri River. 
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Figure 2-5. Average abundance (LWD/m) of large woody debris found at 
eight sites along the channelized portion of the Missouri River.  
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Figure 2-6. The composition of large woody debris (LWD) found at sites along the 
channelized Missouri River in relation to the distance from bankfull width (BFW). 
The positive numbers denote the distance inland from BFW while negative 
numbers represent the distance from BFW through the near-shore littoral zone.  
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Figure 2-7. Composition of large woody debris (LWD) tagged in the summer 
of 2007 and then relocated in the fall of 2008. Bars represent percentage of 
LWD at that distance. Top panel represents LWD that was unchanged from the 
previous year. Middle panel represents LWD that was deposited since the 
previous year. Bottom panel represents LWD that was unaccounted from the 
previous year. Positive numbers denote the distance inland from bank full 
width (BFW) while negative numbers represent the distance from BFW to the 
near-shore littoral zone.  
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Figure 2-8. Initial position (black) and terminus position (white) of 42 radio 
implanted, pieces of large woody debris located along the channelized Missouri 
River. Items that did not move appear as empty circles.  
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Figure 2-9. Model showing the fate of a single piece of large woody 
debris (LWD) in the channelized portion of the Missouri River. The 4 
large unfilled arrows show the probability of the event occurring based 
on this study.   
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Chapter 3 
 
 BIOTIC COMMUNITY RESPONSE TO LARGE WOODY DEBRIS IN A 
LARGE CHANNELIZED RIVER 
 
 
Introduction 
 
 Management of large woody debris (LWD) in a river system has become a top 
concern to researchers and managers over the past 30 years.  However, research on wood 
in world rivers was almost non-existent before the late 1970s (Gregory 2003).  Woody 
debris research has been spread across many different topical areas; yet, the geographic 
focus has been in small, mountain streams leaving a void of information on the influence 
of woody debris on large river systems.  
A stronger and more resilient food web has been linked to the presence of LWD 
because it provides a forage location for invertebrates through the accumulation of 
detritus and also a stable substrate for invertebrate colonization (Phillips & Kilambi 1994, 
Benke &Wallace 2003, and Angermeier & Karr 1984).  Additional studies have found 
that invertebrates in LWD provide forage for insectivorous fish (Benke et al. 1985) while 
piscivorous species use LWD as cover to ambush prey (Angermeier & Karr 1984). 
Large woody debris also provides habitat refuge to lotic species.  During high 
water events LWD provides protection to invertebrates (Palmer et al. 1996) and some fish 
species use the reduced velocity areas provided by LWD to reduce the amount of energy 
required to maintain position in flowing waters (McClendon & Rabeni 1987).  
Additionally, benthic fish and smaller prey fish will use LWD as camouflage to hide 
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from predators (Lehtinen et al. 1997, Angermeier & Karr 1984, and Everett & Ruiz 
1992). 
Knowledge about the role LWD plays in large rivers is currently extrapolated 
from what has been studied on lower order lotic systems.  A better understanding of the 
interaction of LWD with river biota within the lotic system is crucial so that biologists 
have as much information as possible when making decisions regarding the management 
of large rivers like the Missouri River.  The Missouri River ecosystem is in a precarious 
position where a significant financial investment is being invested for rehabilitation 
efforts without knowing the value of LWD.  Therefore, we need to better understand 
what role LWD plays in the Missouri River System.  The goal of this research is to 
enhance the base of knowledge that we have on large woody debris in the Missouri River.  
To accomplish this, my objective was to investigate macroinvertebrate and fish 
communities spatially (e.g., between river segments, bend types, and LWD/non-LWD 
sites).  Specifically, I focused on fish and macroinvertebrate community composition and 
structure associated with LWD and non-LWD sites in the channelized portion of the 
Missouri River.  
 
Methods 
Study Areas 
Sampling concentrated on the Missouri River between Sioux City, IA, and the 
confluence of the Kansas River (Figure 3-1) between May 2007 and September 2008.  
The study area was divided into two segments to remain consistent with ongoing 
Nebraska Game and Parks Commission research.  Segment 8 is located between Sioux 
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City, IA and the confluence of the Platte River (Figure 3-1).  Segment 9 begins at the 
Platte River confluence and ends at the confluence of the Kansas River.  Five study sites 
(4 river bends and 1 chute) were identified within each segment (Figure 3-2).  These 
study sites represent the different levels of major construction employed by the USACE 
to improve the system.  Control bends consist of wing dikes used to divert flow to a main 
channel that is maintained for navigational purposes.  Major modification bends are 
former control bends that have been modified through lowering wing dikes and adding 
chevrons between the modified dikes that create sediment collection areas and divert flow 
to the main channel to create shallow water habitat (USACE 2004).  Chutes were 
originally constructed as trenches cut into the floodplain and connected to the river at two 
points as another way to increase the shallow water habitat on the Missouri River 
(USACE 2004).  Ideally, the chutes become relatively shallow with a slow moving 
current in summer months to facilitate fish nursery areas (USACE 2004). 
 
Biota Abundance 
Study bends were sampled seasonally: spring (April-May), summer (June-July), 
and fall (August-September) to determine biotic use of LWD.  Fish were collected using 
electrofishing and macroinvertebrates using a macroinvertebrate kick net.  Sampling 
occurred at five randomly selected stations that contained LWD as well as five stations 
that did not hold LWD within each site (Figure 3-3).  All available stations were sampled 
if study bends contained 5 or fewer LWD stations.  
Macroinvertebrate sampling methods closely followed those of Agrandi (2006).  
Large woody debris was sampled by brushing a 1-m section of the LWD up river of the 
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net which constituted about a 0.25 m
2 
sample area.  I also used kick nets to sample the 
substrate at LWD as well as non-LWD sites.  The area sampled using kick nets was 
approximately 1.0 m
2
.  Kick net and LWD samples collected at each LWD site were 
combined for identification and further analysis. All macroinvertebrate samples were 
preserved in the field and stored at the laboratory for later identification.  
Fish collection methods closely followed those of Lehtinen et al. (1997).  Five 
minute electrofishing runs began downstream of the snag approximately 10-m and 
continued sampling upstream 10-m above the snag with extra time being spent in the area 
immediately adjacent to the LWD.  Non-LWD sites were fished in a similar manner and 
covered approximately the same amount of surface area (e.g., 20- 30 m).  
Habitat classifications were recorded in accordance with the Missouri River 
Standard Operating Procedures for Sampling and Data Collection (Drobish 2006). 
Location (GPS coordinates), LWD dimensions, LWD condition, and habitat 
measurements were taken at each biotic sampling station.  Condition of LWD was 
recorded using a snag rating index (Lehtinen et al. 1997; Table 3-1).  Other habitat 
measurements including water depth, water temperature, water velocity, conductivity, 
and the dominant substrate type (sand, silt, gravel, etc.) were also recorded. 
Data Analysis 
I used a multivariate approach to determine if there were differences among the biotic 
community composition and structure in and around LWD when compared to areas that 
were void of LWD.  All data were either square-root or fourth-root transformed to 
normalize the data and reduce the effect of outliers.  The transformed abundance data 
were then used to construct a similarity matrix to test for community differences at 
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segment, bend, and LWD levels.  A Bray-Curtis similarity matrix was used when catch 
efforts where equal (i.e. fish/minute or invertebrates/m
2
.)   To compare the biotic 
community as a whole (fish and invertebrate data combined) a Euclidean distance matrix 
was constructed to compensate for the varying efforts applied to each community.  These 
matrices were then used to conduct analysis of similarity (ANOSIM) tests to test for 
differences between segments, bend types, and LWD presence/absence; followed by 
multidimensional scaling (MDS) to graphically represent the results using PRIMER (v.6; 
Primer-E Ltd. 2005).  Community similarity is represented by the relative location of 
each point on the MDS plot. For example the more similar an invertebrate community at 
one study bend is to another study bend the closer the two points will appear on the plot.  
Additionally, a similarity of percentage (SIMPER) was conducted to identify which 
species or taxa contributed the most to any differences found among communities.  
Habitat measurements, consisting of water velocity, turbidity, water depth, and 
conductivity (Table 3-2) were also used to construct a Euclidean distance matrix to test 
for differences between areas that contained LWD and areas that were void of LWD.  
This matrix was then compiled with the biotic community matrix using the BIOENV 
procedure in Primer (v.6; Primer-E Ltd. 2005) to examine if any environmental factors 
influenced community composition. 
Results 
Twelve orders of invertebrates were collected totaling 2,213 individuals (Figure 
3-4) and a total of 2,433 fish representing 40 species were caught in 2007 and 2008 
(Figure 3-5).  Invertebrates were identified to Order with Oligocheata being most 
abundant.  The most common fish species caught were gizzard shad (Dorosoma 
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cepedianum), common carp (Cyprinus carpio), and emerald shiner (Notropis 
atherinoides).  Of the 40 fish species collected, most were represented by less than 10 
individuals.  
Invertebrate communities did not differ between segments (P=0.43) and were also 
similar among bend types (P=0.074) so data were combined to compare LWD and non-
LWD sites.  Invertebrate communities did differ between LWD and non-LWD sites 
(p=0.016) (Figure 3-6).  
Fish communities differed between segments (P=0.043).  Therefore, further 
analyses on fish data were limited to within segment comparisons.  Bend type for 
segment 8 did not show a difference in fish communities (P=0.35).  Likewise, segment 9 
showed no difference in fish communities (P=0.20).  Fish communities in LWD areas 
when compared to areas that were void of LWD were not different for segment 8 
(P=0.55) or segment 9 (P=0.19) (Figure 3-7). 
I also investigated community composition using invertebrate and fish data 
combined.  No differences were found in the overall community composition when 
comparing segments (P=0.59).  Additionally, there were no differences between bend 
types (P=0.29).  Community composition did differ between LWD and non-LWD sites 
(P=0.011) (Figure 3-8).   
A SIMPER analysis using the invertebrate abundance data shows five orders 
contributed most to the dissimilarity of the two invertebrate communities (LWD and non-
LWD) and were all more abundant in LWD areas (Figure 3-4).  Ephemeroptera 
contributed most to the dissimilarity of the two communities (13%) followed by 
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Oligocheata (11%), Diptera (11%), Trichoptera (11%), and Odonata (9%).  The first 
invertebrate order that was most abundant in non-LWD areas was Bivalve (9%).  
Gizzard shad had a higher abundance in areas lacking LWD and contributed the 
most to the separation of the two communities in segment 8 (9 %).  This was followed in 
order by red shiner (LWD, 7%), freshwater drum (non-LWD, 5%), common carp (LWD, 
5%), and flathead catfish (LWD, 5%).  Emerald shiner (non-LWD, 9%) was most 
responsible for separation of the two communities in segment 9, followed by gizzard shad 
(non-LWD, 8%), common carp (LWD, 7%), river carpsucker (non-LWD, 6%), and red 
shiner (LWD, 6%).  
 The combined fish and invertebrate data using SIMPER shows the importance 
that invertebrates have in distinguishing LWD and non-LWD associated communities 
(Table 3-2).  Eleven of the twelve Orders of invertebrates collected have higher 
percentages of contribution than any fish. Amphipoda (1%) is the lone invertebrate Order 
to not rank above all of the fish species.  Ephemeroptera (6%) contributed the most to the 
separation.  The first fish species to appear on the list is blue catfish (Ictalurus furcatus) 
(2%).   
 Measured habitat variables provided no real assistance in clearly delineating 
LWD and non-LWD sites (Table 3-3).  Water velocity (P=0.001) and conductivity 
(P=0.020) did differ between LWD and non-LWD sites, but there were no differences 
between depth (P=0.74) and temperature. (P=0.67).  Incorporation of the habitat data 
with the fish and invertebrate community data also provided no additional clarification in 
separating LWD and non-LWD communities using BIOENV (P>0.50)   
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Discussion 
 Piegay & Gurnell (1997) found that LWD increases diversity as well as the 
production of macroinvertebrates.  This was attributed to the fact that LWD can provide 
refuge and be a food resource for macroinvertebrates (Benke & Wallace 1990, Bilby & 
Bisson 1998, Gurnell et al. 1995, Piegay & Gurnell 1997).  While these results come 
from smaller order streams, my results are similar to what others have found.  In LWD 
areas, abundance was higher for eight of the 12 Orders of invertebrates collected.  This is 
particularly true for functional feeding groups that require a hard surface such as 
shredders, scrapers, and collector filterers.  
The presence of large woody debris resulted in a greater abundance of 
macroinvertebrates.  Red shiner, an insectivorous fish species, was also found in greater 
abundances around LWD (Figure 3-5).  These observations are in line with what was 
observed by Lehtinen et al. (1997) who found greater insectivorous species abundance 
with an increase in LWD.  Red shiners, while a predator to macroinvertebrates, is also 
prey to the Flathead Catfish, which was also found in higher abundance around LWD. 
These findings hint at more complex predator-prey relations in LWD vs. non-LWD sites 
and warrants further investigation to evaluate food-web dynamics in LWD areas. 
Research has shown that an increase in fish diversity and populations are closely 
associated with the presence of LWD in smaller systems with a more natural 
management strategy (Montgomery and Piegay 2003, Piegay and Gurnell 1997).  The 
results of my research differ from these studies in that I detected no difference in fish 
community structure between LWD and non-LWD sites.  Numerous factors could be 
responsible for these different conclusions.  First, sampling was limited to particular 
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bends within a segment and may have influenced the number and quality of available 
stable LWD to sample. For example, numerous samples were taken from LWD that just 
met the minimum requirements (e.g., diameter and length) to be defined as LWD that 
could influence biotic use patterns.  Additionally, there was little to no LWD complexity 
(e.g., multiple pieces of stable LWD anchored by a key member piece) at many sites.  
Chapter 2 shows that LWD does not often stay in any one place very long in the Missouri 
River.  It may be possible that invertebrates are able to quickly colonize LWD sites, but 
fish need longer times to find and/or develop use patterns to take advantage so any 
benefits may come later for fish when LWD is more stable and permanently established.  
Sampling in a large channelized river is logistically difficult and faces many problems 
not seen on smaller systems.  Increased water velocity, coupled with non-wadeable areas, 
limits the types of sampling that can be conducted and also limits detectability and 
catchability and could have led to differing results between small stream work and this 
study.   
My data show that the presence of LWD in the Missouri River does increase 
diversity and community structure of the biotic community.  The composition of 
macroinvertebrate communities are influenced by LWD while larger scale processes like 
the input from tributaries like the Platte River likely has more influence on the fish 
community composition than LWD at present.  Gurnell et al. (2002) reported that the 
mobility of wood in small rivers is minimal.  This leads to more stable LWD jams, 
reduces water velocity (Abbe and Montgomery 1996) and consequently provides for a 
greater variety of fish (Montgomery & Piegay 2003, Piegay & Gurnell 1997).  In a large 
channelized river, concurrent research has shown that retention of LWD is low (Chapter 
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2) therefore the frequency and stability of jams is less than what would be found in 
smaller systems.  It would seem likely that fish receive fewer benefits (e.g., reduced 
velocities and increased habitat diversity) without stable LWD jams.  Therefore assessing 
similar questions where LWD retention is high is warranted to evaluate the cost/benefit 
associated with this type of habitat.  
The channelized Missouri River is absent of many of the components necessary to 
create habitat heterogeneity.  Schneiders (1996) described the Missouri River as a clear 
ditch with fast moving water that is free of naturally occurring structures such as sandbars 
and side channels.  Not only do sandbars, side channels, and areas of shallow moving 
water in and of themselves provide a diversity of flows and depths, they also are areas 
that are most likely to entrap LWD (Piegay 1993 and Piegay et al. 1999).  The hydraulic 
complexity that is gained from the presence of LWD consequently increases the habitat 
diversity that is available (Gurnell et al. 1995 and Tabacchi et al. 1998, 2000).  
Rehabilitation of the Missouri River has begun to address the long term declines of 
numerous native species (USACE 2004).  Many of the rehabilitation efforts are focusing 
on increasing the habitat diversity available.  The emphasis has been on increasing the 
amount of shallow water surface area (USACE 2004) and ensuring LWD is a part of this 
diversification effort seems critical.  Neely et al. (2008) found that blue suckers Cycleptus 
elongatus exhibited a preference for LWD as habitat during certain times of the year.  
Bramblett and White (2001) reported increased habitat use by pallid sturgeon in areas 
that other studies have shown will trap LWD, reaches with frequent islands and mid-
channel bars.  Therefore, it seems critical to continue to gain insights into the value of 
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LWD to the community structure and function of the Missouri River and large rivers in 
general.  
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Table 3-1. Lehtinen et al. (1997) snag rating index. Each variable is given a rating value 
from 0 to 4.  Values are then added for a snag rating index number.  Snag scores can 
range from 0 to 12.  
Snag Rating Index       
       
Rating Value 
Number of major 
branches 
Trunk 
circumference Roughness 
0 0-2 0-40 cm smooth, no bark 
1 3-6 40-80 cm some bark 
2 7-10 80-120 cm most bark, shallow ridges 
3 11-14 120-160 cm 
most/all bark, medium 
ridges 
4 15+ >160 cm most/all bark, deep ridges 
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Order/Species 
Percentage of 
Contribution Cumulative Percentage 
Ephemeroptera 6.38 6.38 
Trichoptera 5.91 12.29 
Oligocheata 5.71 18 
Diptera 5.63 23.63 
Odonata 4.7 28.33 
Bivalve 4.44 32.77 
Hemiptera 4.06 36.83 
Coleoptera 3.61 40.43 
Gastropoda 3.43 43.86 
Plecoptera 2.53 46.39 
Hirudinae 2.2 48.6 
blue catfish 2.18 50.77 
gizzard shad 2.14 52.92 
red shiner 2.05 54.97 
bigmouth buffalo 1.99 56.96 
shortnose gar 1.91 58.87 
river shiner 1.74 60.6 
silver carp 1.73 62.33 
shovelnose 
sturgeon 1.71 64.04 
longnose gar 1.65 65.69 
flathead catfish 1.62 67.31 
silver chub 1.59 68.9 
smallmouth buffalo 1.59 70.49 
emerald shiner 1.55 72.04 
bighead carp 1.54 73.58 
blue sucker 1.53 75.11 
white bass 1.53 76.64 
common carp 1.43 78.07 
freshwater drum 1.41 79.48 
goldeye 1.37 80.85 
sand shiner 1.35 82.2 
grass carp 1.28 83.48 
quillback 1.25 84.74 
green sunfish 1.23 85.96 
river carpsucker 1.23 87.19 
Amphipoda 1.21 88.4 
shorthead redhorse 1.17 89.58 
channel catfish 1.05 90.62 
Table 3-2. Results of SIMPER analysis showing the relative 
contribution to community dissimilarity for biota sampled in the 
Missouri River.  
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Table 3-3. Summary of habitat variables and standard error measured during sampling April – September 2008 and April - 
September 2009. Segment 8 is located between Sioux City, IA. and the confluence of the Platte River. Segment 9 lies between the 
confluence of the Platte River and the confluence of the Kansas River.  
 
  Segment 8 Segment 9 
  LWD Non-LWD LWD Non-LWD 
Depth (m) 1.83 ± 0.08 1.88 ± 0.06 2.40 ± 0.11 2.39 ± 0.77 
Velocity (m/sec) 0.30 ± 0.02 0.31 ± 0.01 0.21 ± 0.016 0.29 ± 0.018 
Turbidity (ntu) 85.22 ± 5.24 101.41 ± 5.92 123.06 ± 4.18 122.60 ± 3.55 
Conductvity (mS) 789.10 ± 3.09 793.24 ± 2.80 758.74 ± 1.87 747.42 ± 2.20 
Snag Rating Index 0 ± 0 7.82 ± 0.13 0 ± 0 7.48 ± 0.10 
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Figure 3-1 Study area including segments on the channelized portion of 
the Missouri River. 
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Figure 3-2. Study area including sample sites on the channelized portion 
of the Missouri River. 
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Figure 3-3.  Diagram of bend sampling for fish and macroinvertebrates on a 
Missouri River bend.  Boxes indicate passive gear whereas, ovals represent 
active gears.  
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Figure 3-4. Relative abundance of the Orders of macroinvertebrates collected in the channelized Missouri River 2007-2008. 
The black bars represent the catch per unit effort (CPUE) in areas that were absent of large woody debris (LWD). The gray 
bars show the CPUE of invertebrates found in and around LWD. The error bars represent one standard error.  
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Figure 3-5. Relative abundance for fish collected in the channelized Missouri River 2007-2008. The black bars represent the 
catch per unit effort (CPUE) in areas that were absent of large woody debris (LWD). The gray bars show the CPUE of fish 
species found in and around LWD. The error bars represent one standard error.  
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Figure 3-6. Multidimensional scale plot using Bray-Curtis similarity data of 
macroinvertebrates collected in the channelized Missouri River. The triangles 
represent areas within study bends/chutes that were absent of large woody debris 
(LWD). Squares represent areas within the study bends/chutes that contained LWD.  
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Figure 3-7. Multidimensional scale plot using Bray-Curtis 
similarity data of fish collected in the channelized Missouri 
River. The triangles represent areas within study bends/chutes 
that were absent of large woody debris (LWD). Squares 
represent areas within the study bends/chutes that contained 
LWD.  
 
Segment 8 
P=0.55 
Segment 9 
P=0.19 
  61 
 
 6
1
 
 
 
Figure 3-8. Multidimensional scale plot using the Euclidean distance data of fish 
and invertebrates collected in the channelized Missouri River. The triangles 
represent areas within study bends/chutes that were absent of large woody debris 
(LWD). Squares represent areas within the study bends/chutes that contained 
LWD.  
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Chapter 4  
 MANAGEMENT CONSIDERATION AND FUTURE RESEARCH 
Introduction 
Related research has shown the influences large woody debris (LWD) has on low 
order lotic systems.  Typical responses to LWD in a system include adding an element of 
complexity to available habitat by reducing localized flows, sediment deposition, and by 
creating scour holes or pools (Bilby and Bisson 1998).  Newly created habitat provides 
stable substrate for increased invertebrate production (Bilby and Bisson 1998) that likely 
cascades to higher trophic levels and could lead to an increase in fish abundance, 
biomass, and overall biotic diversity (Lehtinen et al. 1997). There is a large gap of 
knowledge that exists on LWD in large rivers.  My research begins to address the 
dynamics of LWD in a large altered river.  
The Missouri River 
 The river began to change forever as the wing dikes were constructed and shore 
lines were armored. Immediately gone were the long meandering bends, side channels, 
backwaters, and large snags.  So was the highly turbid water (Schneiders 1996). What 
was not so easily visible was the damage these changes were doing to the biota that 
inhabited the river.  The deep channel that was now carrying clear water led to the 
decline of numerous native species. Suffering the worst consequences from these actions 
was the pallid sturgeon (Scaphirhynchus albus) now a federally listed endangered species 
(Keenlyne 1990).  The United States Army Corps of Engineers (USACE) is charged with 
recovering the Pallid Sturgeon to a sustainable population in the Missouri River and the 
rest of its distribution.  
  63 
 
 6
3
 
 The USACE is attempting this recovery process through the propagation of pallid 
sturgeon and increased shallow water acres.  This increase in shallow water is being done 
using engineered structures to facilitate shoreline erosion and deposition of sediment 
(USACE 2004).  Hopefully these efforts will lead to increasing habitat complexity by the 
addition of LWD. 
Applied Knowledge, Future Research, and Management Considerations 
 Chapter 2 in this thesis shows that LWD is found in significant abundance along 
the channelized portion of the Missouri River. However, introduction of LWD into the 
active river channel is mostly limited to areas where banks are unarmored and/or flow is 
diverted towards the bank. Additionally, retention of LWD is extremely limited in this 
portion of the river with less than 7 percent of the recruited LWD being retained in the 
active channel (Figure 1).  
The retention of LWD and the benefits it provides will be minimal as long as the river 
is managed for navigation. The requirements needed for deep-draft barge traffic, a self-
scouring channel with consistent depth creates water depths that are too deep and 
velocities that are much too fast for effective retention of LWD.  However, with the 
increasing number of side channels being constructed, I recommend future construction 
methods involve minimal removal of trees so natural processes can introduce LWD to the 
lotic system. Additionally, side channels should be designed to allow long meanders and 
multiple roughness elements such as; sand bars, flow diversion points, and concave banks  
to increase the probability of retention of a key member (LWD that initiates the 
establishment of snags).  
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Chapter 3 shows that even with so very little LWD being retained in the active 
channel it stills plays an important role in the overall ecological health of the channelized 
Missouri River. Its presence has an effect on the community composition of invertebrates 
as well as the overall biota present in the river ecosystem (Figure 1).   
Future research involving LWD in the channelized Missouri River is nearly limitless 
considering the gap of knowledge that exists. This research was purposefully conducted 
on a relatively large scale. Finer scale investigations should be considered. Specifically, 
localized hydrological complexities created by LWD in a channelized river, species 
usage, and biomass comparisons, and more efficient sampling techniques are all needed 
(Figure 1). Research is also needed to examine what effects manual placement of LWD 
would have.  
Conclusions 
I believe the results of this study provide 2 major points: 
1. Large Woody Debris in a large channelized river has some effect on the 
composition of the biotic community, at the very least locally, but could have far 
wider influence. 
2. The full influence of LWD can never be realized in a river that is as highly 
engineered as the channelized portion of the Missouri River without a 
concentrated effort to the restore the natural processes that allow LWD 
deposition.  
Piegay (2003) has reported that LWD in large rivers is much more mobile than LWD 
in smaller order systems.  Retention of LWD in the channelized portion of the Missouri 
River is minimal and unstable with large, long lasting jams being nearly non-existent. 
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Single pieces may become lodged in the channel margins but the ability to act as a key 
member is extremely low.  In short, the river does exactly what it was engineered to do, 
move water and anything in it quickly and efficiently downstream.  Restoring or allowing 
the river to process LWD more naturally may assist with river restoration efforts in ways 
we have yet to understand.  
 Numerous species have evolved to fill the niches provided by both stable and 
unstable LWD in an unchannelized river.  Birds such as Piping plovers Charadrius 
melodus and interior least terns Sterna antillarum can nest on sand bars that are formed 
because of the presence of LWD.   Fish such as flathead catfish can use LWD to become 
more efficient predators by using LWD to ambush prey.  The species that are dependant 
upon the benefits that accompany the presence of LWD are the most at risk as a result of 
the channelization of the Missouri River.  Conversely these species also have the most to 
gain from a rehabilitated Missouri River that allows for some LWD as part of its 
ecosystem.  
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Figure 4-1. Model showing the fate of a single piece of large woody debris 
(LWD) in the channelized portion of the Missouri River and biotic response to 
its presence. The 4 large unfilled arrows show the probability of the event 
occurring.  Dotted lines represent future research needs.  
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Appendix A.  Telemetry information for LWD locations between March 2008 and 
September 2008.  Data include radio tag identification number, LWD dimensions, if 
terminal location was determined, latitude (north), longitude (west), river (Mo = 
Missouri, Miss = Mississippi), rkm (river kilometer), distance from bank-full            
width  (BFW) , distance from water, and the total distance traveled (rkm).  
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Tag number 49-181 (Diameter 144.8 cm Length 6.1m) Terminus located    
Date Latitude Longitude 
Rive
r 
River 
km 
Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 30.679 096 2.257 Mo 1036.04 on Wing Dike 7.4   
03/19/08 41 30.679 096 2.257 Mo 1036.04 on Wing Dike 7.4  
03/28/08 41 30.679 096 2.257 Mo 1036.04 on Wing Dike 7.4  
04/11/08 41 30.679 096 2.257 Mo 1036.04 on Wing Dike 7.4  
04/17/08 41 30.679 096 2.257 Mo 1036.04 on Wing Dike 7.4  
05/02/08 41 30.679 096 2.257 Mo 1036.04 on Wing Dike 7.4  
06/20/08 41 30.558 096 2.007 Mo 1034.91 Floating in Log pile in water  
06/30/08 41 30.558 096 2.007 Mo 1034.91 Floating in Log pile in water  
07/10/08 41 30.558 096 2.007 Mo 1034.91 Floating in Log pile in water  
08/13/08 41 30.558 096 2.007 Mo 1034.91 Floating in Log pile in water  
09/10/08 41 30.554 096 2.000 Mo 1034.91 Floating in Log pile in water 1.13 
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Tag number 49-141 (Diameter 200.66 cm Length 20.8 m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 30.751 096 2.404 Mo 1036.20 on W.Dike 9.8   
03/19/08 41 30.751 096 2.404 Mo 1036.20 on W.Dike 9.8  
03/28/08 41 30.751 096 2.404 Mo 1036.20 on W.Dike 9.8  
04/11/08 41 30.751 096 2.404 Mo 1036.20 on W.Dike 9.8  
04/17/08 41 30.751 096 2.404 Mo 1036.20 on W.Dike 9.8  
05/02/08 41 30.751 096 2.404 Mo 1036.20 on W.Dike 9.8  
06/20/08 41 30.743 096 2.391 Mo 1036.20 Below wing dike in water  
08/13/08 41 30.743 096 2.391 Mo 1036.20 Below wing dike in water  
09/12/08 41 30.743 096 2.391 Mo 1036.20 Below wing dike in water 0.02 
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Tag number 48-811 (Diameter 52.07 cm Length 19 m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/18 41 34.523 096 04.793 Mo 1047.46 1 3.3   
04/11/08 41 34.523 096 04.793 Mo 1047.46 1 3.3  
04/17/08 41 34.523 096 04.793 Mo 1047.46 1 3.3  
05/02/08 41 34.523 096 04.793 Mo 1047.46 1 3.3  
09/10/08 41 34.523 096 04.793 Mo 1047.46 1 3.3 0.00 
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Tag number 49-081 (Diameter 11.2 cm Length 7.6m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 34.519 096 4.792 Mo 1047.46 1 3.1   
04/11/08 41 34.519 096 4.792 Mo 1047.46 1 3.1  
4/17/2008 41 34.519 096 4.792 Mo 1047.46 1 3.1  
5/2/2008 41 34.519 096 4.792 Mo 1047.46 1 3.1  
9/10/2008 41 15.938 095 55.308 Mo 991.95 Caught in construction debris  0.1 55.52 
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Tag number 49-040 (Diameter 18 cm Length 19.1m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 34.521 096 04.787 Mo 1047.46 1 6.4   
04/11/08 41 34.521 096 04.787 Mo 1047.46 1 6.4  
04/17/08 41 34.521 096 04.787 Mo 1047.46 1 6.4  
05/02/08 41 34.521 096 04.787 Mo 1047.46 1 6.4  
09/10/08 41 34.521 096 04.787 Mo 1047.46 1 6.4 0.00 
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Tag number 48-241(Diameter 23cm Length 12m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 40.773 096 07.182 Mo 1060.65 On bank 1 15   
03/20/08 41 40.773 096 07.182 Mo 1060.65 On bank 1 15  
3/28/2008 41 40.773 096 07.182 Mo 1060.65 On bank 1 15  
4/11/2008 41 40.773 096 07.182 Mo 1060.65 On bank 1 15  
4/17/2008 41 40.773 096 07.182 Mo 1060.65 On bank 1 15  
5/2/2008 41 40.773 096 07.182 Mo 1060.65 On bank 1 15  
6/20/2008 41 40.773 096 07.182 Mo 1060.65 On bank 1 15  
9/12/2008 41 40.773 096 07.182 Mo 1060.65 On bank 1 15 0.00 
  
   
 
 7
5
 
        
Tag number 49-161     Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
3/10/2008 41 40.452 096 07.013 Mo 1059.53 On dike Downstream side 0   
03/18/08 41 40.452 096 07.013 Mo 1059.53 On dike Downstream side 0  
04/11/08 41 40.452 096 07.013 Mo 1059.53 On dike Downstream side 0  
04/17/08 41 40.452 096 07.013 Mo 1059.53 On dike Downstream side 0  
05/02/08 41 40.452 096 07.013 Mo 1059.53 On dike Downstream side 0  
06/25/08 40 14.591 095 28.830 Mo 828.23 Behind bank full trees in floodplain 26  
07/10/08 40 14.591 095 28.830 Mo 828.23 Behind bank full trees in floodplain 26  
08/13/08 40 14.591 095 28.830 Mo 828.23 Behind bank full trees in floodplain 26  
09/15/08 40 14.591 095 28.830 Mo 828.23 Behind bank full trees in floodplain 26 231.34 
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Tag number 48-091 (Diameter 41 cm Length 17 m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/28/08 41 40.544 096 07.080 Mo 1060.01 1.1m from dike 0   
04/11/08 41 40.544 096 07.080 Mo 1060.01 1.1m from dike 0  
05/02/08 41 40.544 096 07.080 Mo 1060.01 1.1m from dike 0  
06/25/08 41 39.989 096 06.420 Mo 1058.72 On top of wing dike 2  
07/10/08 41 39.989 096 06.420 Mo 1058.72 On top of wing dike 2  
08/13/08 41 39.989 096 06.420 Mo 1058.72 On top of wing dike 2  
09/12/08 41 39.989 096 06.420 Mo 1058.72 On top of wing dike   1.29 
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Tag number 48-611 (Diameter 9.8 cm Length 8 m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 26.756 095 55.275 Mo 1021.07 4.5 0.5   
03/20/08 41 26.756 095 55.275 Mo 1021.07 4.5 0.5  
03/28/08 41 26.756 095 55.275 Mo 1021.07 4.5 0.5  
04/11/08 41 26.756 095 55.275 Mo 1021.07 4.5 0.5  
04/17/08 41 26.756 095 55.275 Mo 1021.07 4.5 0.5  
05/02/08 41 26.756 095 55.275 Mo 1021.07 4.5 0.5  
09/12/08 41 26.756 095 55.275 Mo 1021.07 4.5 0.5  
09/15/08 41 26.756 095 55.275 Mo 1021.07 4.5 0.5 0.00 
  
   
 
 7
8
 
        
Tag number 48-671(Diameter 13 cm Length 11m) Terminus not determined   
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 40.732 096 07.187 Mo 1060.65 5 1.5   
3/18/2008 41 40.732 096 07.187 Mo 1060.65 5 1.5  
03/28/08 41 40.732 096 07.187 Mo 1060.65 5 1.5  
04/10/08 41 40.732 096 07.187 Mo 1060.65 5 1.5  
04/14/08 41 40.732 096 07.187 Mo 1060.65 5 1.5  
05/02/08 41 40.732 096 07.187 Mo 1060.65 5 1.5 Unknown 
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Tag number 48-791 (Diameter 53 cm Length 18m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/03/08 41 40.919 096 07.245 Mo 1060.81 11 6   
03/18/08 41 40.919 096 07.245 Mo 1060.81 11 6  
03/18/08 41 40.919 096 07.245 Mo 1060.81 11 6  
04/11/08 41 40.919 096 07.245 Mo 1060.81 11 6  
04/17/08 41 40.919 096 07.245 Mo 1060.81 11 6  
05/02/08 41 40.919 096 07.245 Mo 1060.81 11 6  
06/30/08 40 13.993 095 28.391 Mo 827.03 50 m In middle of floodplain 50  
07/10/08 40 13.993 095 28.391 Mo 827.03 50 m In middle of floodplain 50  
08/13/08 40 13.993 095 28.391 Mo 827.03 50 m In middle of floodplain 50  
09/15/08 40 13.993 095 28.391 Mo 827.03 50 m In middle of floodplain 50 233.84 
  
   
 
 8
0
 
        
Tag number 48-011 (Diameter 8.5 cm Length 8.7m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 59.262 095 50.572 Mo 947.70 35 8   
03/28/08 40 59.262 095 50.572 Mo 947.70 35 8  
04/11/08 40 59.262 095 50.572 Mo 947.70 35 8  
04/17/08 40 59.262 095 50.572 Mo 947.70 35 8  
05/02/08 40 59.262 095 50.572 Mo 947.70 35 8  
07/10/08 39 14.237 093 39.842 Mo 487.69 Unknown (Aerial) Unknown (Aerial)  
09/15/08 39 14.237 093 39.842 Mo 487.69 Unknown (Aerial) Unknown (Aerial) 460.11 
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Tag number 48-171 (Diameter 11.2 cm Length 10.2m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 58.487 095 49.791 Mo 945.13 2.5 1.7   
03/28/08 40 58.487 095 49.791 Mo 945.13 2.5 1.7  
04/11/08 40 58.487 095 49.791 Mo 945.13 2.5 1.7  
04/16/08 40 51.057 095 50.630 Mo 928.39 ISB  0.1 16.74 
05/02/08 40 18.446 095 38.945 Mo 848.10 On Bank in log pile  97.04 
09/16/08 36 02.896 89 41.196 Miss 1338.69 Unknown (Aerial) Unknown (Aerial) 1454.69 
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Tag number 48-341 (Diameter 13.5 cm Length 6.9 m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 33.033 095 45.883 Mo 884.79 6 1.7   
03/20/08 40 33.033 095 45.883 Mo 884.79 6 1.7  
3/28/2008 40 33.033 095 45.883 Mo 884.79 6 1.7  
4/11/2008 40 33.033 095 45.883 Mo 884.79 6 1.7  
4/17/2008 40 33.033 095 45.883 Mo 884.79 6 1.7  
5/2/2008 40 33.033 095 45.883 Mo 884.79 6 1.7  
9/15/2008 37 49.604 89 42.644 Miss 161.70 Unknown (Aerial) Unknown (Aerial) 1046.72 
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Tag number 48-851 (Diameter 7.5 cm Length 7.3 m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 42.323 095 51.441 Mo 908.28 Front side of W dike 10 2.1   
03/20/08 40 42.323 095 51.441 Mo 908.28 Front side of W dike 10 2.1  
03/28/08 40 42.323 095 51.441 Mo 908.28 Front side of W dike 10 2.1  
04/11/08 40 42.323 095 51.441 Mo 908.28 Front side of W dike 10 2.1  
04/17/08 40 42.323 095 51.441 Mo 908.28 Front side of W dike 10 2.1  
09/17/08 37 58.026 089 57.246 Miss 190.34 Unknown(Aerial) Unknown(Aerial) 1098.86 
  
   
 
 8
4
 
        
Tag number 48-891 (Diameter 9.5cm)    Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 42.185 095 51.295 Mo 907.64 6.8 2.5   
03/20/08 40 42.185 095 51.295 Mo 907.64 6.8 2.5  
03/28/08 40 42.185 095 51.295 Mo 907.64 6.8 2.5  
04/11/08 40 42.185 095 51.295 Mo 907.64 6.8 2.5  
04/17/08 40 42.185 095 51.295 Mo 907.64 6.8 2.5  
05/02/08 40 42.185 095 51.295 Mo 907.64 6.8 2.5  
09/15/08 37 48.078 089 41.075 Miss 158.49 Unknown(Aerial) Unknown(Aerial) 1066.35 
  
   
 
 8
5
 
        
Tag number 48-911 (Diameter 16.4 cm Length 7.7m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 42.565 095 51.861 Mo 910.05 On inside of kicker dike 0   
03/20/08 40 42.565 095 51.861 Mo 910.05 On inside of kicker dike 0  
03/28/08 40 42.565 095 51.861 Mo 910.05 On inside of kicker dike 0  
04/11/08 40 42.565 095 51.861 Mo 910.05 On inside of kicker dike 0  
04/17/08 40 42.565 095 51.861 Mo 910.05 On inside of kicker dike 0  
05/02/08 40 42.565 095 51.861 Mo 910.05 On inside of kicker dike 0  
09/15/08 39 13.255 092 53.284 Mo 381.33 Lots of LWD floating river onto bank Unknown(Aerial) 528.83 
  
   
 
 8
6
 
        
Tag number 48-971 (Diameter 8.1 cm Length 5.3m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 33.447 095 46.007 Mo 885.75 On downstream side of wing dike  2.5   
03/20/08 40 33.447 095 46.007 Mo 885.75 On downstream side of wing dike  2.5  
03/28/08 40 33.447 095 46.007 Mo 885.75 On downstream side of wing dike  2.5  
04/11/08 40 33.447 095 46.007 Mo 885.75 On downstream side of wing dike  2.5  
04/17/08 40 33.447 095 46.007 Mo 885.75 On downstream side of wing dike  2.5  
05/02/08 40 33.447 095 46.007 Mo 885.75 On downstream side of wing dike  2.5  
09/15/08 
039 
18.774 092 59.018 Mo 386.16 Huge log jam in flood plain Unknown(Aerial) 499.70 
  
   
 
 8
7
 
        
Tag number 49-121 (Diameter 15.5 cm Length 12.5 m) Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 42.379 095 51.537 Mo 908.60 9.5 0.6   
03/20/08 40 42.379 095 51.537 Mo 908.60 9.5 0.6  
03/28/08 40 42.379 095 51.537 Mo 908.60 9.5 0.6  
4/11/2008 40 42.379 095 51.537 Mo 908.60 9.5 0.6  
4/17/2008 40 42.379 095 51.537 Mo 908.60 9.5 0.6  
5/2/2008 40 42.379 095 51.537 Mo 908.60 9.5 0.6  
9/15/2008 37 47.002 89 40.067 Miss 156.07 Large LWD pile on ISB Unknown(Aerial) 1211.51 
  
   
 
 8
8
 
        
48-828 (Diameter 53 cm Length 12.5m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) Distance from water (m) Total River km traveled 
03/10/08 41 30.197 096 01.567 Mo 1034.59 10 0   
03/20/08 41 30.197 096 01.567 Mo 1034.59 10 0  
03/28/08 41 30.197 096 01.567 Mo 1034.59 10 0  
04/11/08 41 30.197 096 01.567 Mo 1034.59 10 0  
04/17/08 41 30.197 096 01.567 Mo 1034.59 10 0  
05/02/08 41 30.197 096 01.567 Mo 1034.59 10 0  
06/20/08 41 30.197 096 01.567 Mo 1034.59 10 0  
06/27/08 41 30.197 096 01.567 Mo 1034.59 10 0  
08/13/08 41 30.197 096 01.567 Mo 1034.59 10 0  
09/10/08 41 30.197 096 01.567 Mo 1034.59 10 0 0.00 
  
   
 
 8
9
 
        
49-004 (Diameter 22.7 cm Length 12.5 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
08/08/07 41 30.241 096 01.611 Mo 1034.27 1 Alive standing   
03/10/08 41 29.986 096 01.420 Mo 1033.78 On chevron inside portion  0.5  
03/20/08 41 29.974 096 01.404 Mo 1033.62  0.5  
03/28/08 41 29.974 096 01.404 Mo 1033.62  0.5  
04/11/08 41 29.974 096 01.404 Mo 1033.62  0.5  
04/17/08 41 29.974 096 01.404 Mo 1033.62  0.5  
05/02/08 41 29.974 096 01.404 Mo 1033.62  0.5  
06/10/08 41 29.966 096 01.414 Mo 1033.46 Anchored in water off point 0.5  
06/20/08 41 29.966 096 01.414 Mo 1033.46 Anchored in water off point 0.5  
08/13/08 41 29.966 096 01.414 Mo 1033.46 Anchored in water off point 0.5  
09/10/08 41 29.966 096 01.414 Mo 1033.46 Anchored in water off point 0.5 0.32 
  
   
 
 9
0
 
        
48-951     Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35   
03/20/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35  
03/28/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35  
04/11/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35  
04/17/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35  
05/02/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35  
06/20/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35  
08/13/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35  
09/10/08 41 29.698 096 01.292 Mo 1033.30 On Bank +5 35 0.00 
  
   
 
 9
1
 
        
48-500 (Diameter 7.4 cm Length 7 m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9   
03/20/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9  
03/28/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9  
04/11/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9  
04/17/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9  
05/02/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9  
06/20/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9  
08/13/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9  
09/10/08 41 27.905 095 57.235 Mo 1026.22 On Bank +3 9 0.00 
  
   
 
 9
2
 
        
48-931 (Diameter 12 cm Length 14 m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 27.822 095 57.702 Mo 1026.22 20 0   
03/20/08 41 27.822 095 57.702 Mo 1026.22 20 0  
03/28/08 41 27.822 095 57.702 Mo 1026.22 20 0  
04/11/08 41 27.822 095 57.702 Mo 1026.22 20 0  
04/17/08 41 27.822 095 57.702 Mo 1026.22 20 0  
05/02/08 41 27.822 095 57.702 Mo 1026.22 20 0  
06/20/08 41 27.822 095 57.702 Mo 1026.22 20 0  
08/13/08 41 27.822 095 57.702 Mo 1026.22 20 0  
09/10/08 41 27.822 095 57.702 Mo 1026.22 20 0 0.00 
  
   
 
 9
3
 
        
49-024 (Diameter 16.2 cm Length 20 m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 27.866 095 57.402 Mo 1026.22 8 0   
03/20/08 41 27.866 095 57.402 Mo 1026.22 8 0  
03/28/08 41 27.866 095 57.402 Mo 1026.22 8 0  
04/11/08 41 27.866 095 57.402 Mo 1026.22 8 0  
04/17/08 41 27.866 095 57.402 Mo 1026.22 8 0  
05/02/08 41 27.866 095 57.402 Mo 1026.22 8 0  
06/20/08 41 27.866 095 57.402 Mo 1026.22 8 0  
06/30/08 41 27.866 095 57.402 Mo 1026.22 8 0  
08/13/08 41 27.866 095 57.402 Mo 1026.22 8 0  
09/12/08 41 20.891 095 57.384 Mo 1008.20 Stuck on off channel Sand bar   18.02 
  
   
 
 9
4
 
        
49-104 (Diameter 28 cm Length 20 m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 27.878 095 58.111 Mo 1026.86 On Wing Dike 7   
03/19/08 41 27.878 095 58.111 Mo 1026.86 On Wing Dike 7  
03/28/08 41 27.878 095 58.111 Mo 1026.86 On Wing Dike 7  
04/11/08 41 27.878 095 58.111 Mo 1026.86 On Wing Dike 7  
04/17/08 41 27.878 095 58.111 Mo 1026.86 On Wing Dike 7  
05/02/08 41 27.878 095 58.111 Mo 1026.86 On Wing Dike 7  
06/24/08 41 25.887 095 55.884 Mo 1019.30 3 on point bar behind wing dike 7  
08/13/08 41 25.887 095 55.884 Mo 1019.30 3 on point bar behind wing dike 7  
09/10/08 41 25.887 095 55.884 Mo 1019.30 3 on point bar behind wing dike 7 7.56 
  
   
 
 9
5
 
        
48-072 (Diameter 19.1 cm Length 23 m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 58.486 095 49.785 Mo 913.27 3.1 8.7   
04/11/08 40 58.486 095 49.785 Mo 913.27 3.1 8.7  
04/17/08 40 58.486 095 49.785 Mo 913.27 3.1 8.7  
05/02/08 40 58.486 095 49.785 Mo 913.27 3.1 8.7  
06/23/08 40 58.486 095 49.785 Mo 913.27 3.1 8.7  
09/10/08 40 58.486 095 49.785 Mo 913.27 3.1 8.7 0.00 
  
   
 
 9
6
 
        
48-111      Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 58.058 095 49.777 Mo 944.80  On Bank 0 3   
03/20/08 40 58.058 095 49.777 Mo 944.80  On Bank 0 3  
03/28/08 40 58.058 095 49.777 Mo 944.80  On Bank 0 3  
04/11/08 40 58.058 095 49.777 Mo 944.80  On Bank 0 3  
04/17/08 40 58.058 095 49.777 Mo 944.80  On Bank 0 3  
05/02/08 40 58.058 095 49.777 Mo 944.80  On Bank 0 3  
09/10/08 40 58.058 095 49.777 Mo 944.80  On Bank 0 3 0.00 
  
   
 
 9
7
 
        
49-231 (Diameter 20.2 cm Length 13.3 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 58.908 095 50.056 Mo 946.09 11.1 0   
03/28/08 40 58.908 095 50.056 Mo 946.09 11.1 0  
04/11/08 40 58.908 095 50.056 Mo 946.09 11.1 0  
04/17/08 40 58.908 095 50.056 Mo 946.09 11.1 0  
05/02/08 40 58.908 095 50.056 Mo 946.09 11.1 0  
06/23/08 40 39.784 095 48.109 Mo 900.24 In water behind lowered wing dike in water  
06/25/08 40 39.784 095 48.109 Mo 900.24 In water behind lowered wing dike in water  
07/10/08 40 39.784 095 48.109 Mo 900.24 In water behind lowered wing dike in water  
08/13/08 40 39.784 095 48.109 Mo 900.24 In water behind lowered wing dike in water  
09/10/08 40 39.784 095 48.109 Mo 900.24 In water behind lowered wing dike in water  
09/15/08 40 39.784 095 48.109 Mo 900.24 In water behind lowered wing dike in water 45.87 
  
   
 
 9
8
 
        
49-211 (Diameter 15.9 cm Length 8.7m)   Terminus not determined   
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 35.586 095 45.219 Mo 893.64 7.4 6.7   
03/20/08 40 35.586 095 45.219 Mo 893.64 7.4 6.7  
03/28/08 40 35.586 095 45.219 Mo 893.64 7.4 6.7  
04/11/08 40 35.586 095 45.219 Mo 893.64 7.4 6.7  
04/17/08 40 35.586 095 45.219 Mo 893.64 7.4 6.7  
05/02/08 40 35.586 095 45.219 Mo 893.64 7.4 6.7 Unknown 
  
   
 
 9
9
 
        
48-261 (Diameter 18.1 cm Length 11.3 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 36.112 095 45.923 Mo 892.19 5.3 0.3   
03/20/08 40 36.112 095 45.923 Mo 892.19 5.3 0.3  
03/28/08 40 36.112 095 45.923 Mo 892.19 5.3 0.3  
04/01/08 40 36.112 095 45.923 Mo 892.19 5.3 0.3  
04/17/08 40 36.112 095 45.923 Mo 892.19 5.3 0.3  
05/02/08 40 36.112 095 45.923 Mo 892.19 5.3 0.3  
06/23/08 40 36.112 095 45.923 Mo 892.19 5.3 0.3  
09/10/08 40 36.112 095 45.923 Mo 892.19 5.3 0.3 0.00 
  
   
 
 1
0
0
 
        
48-361 (Diameter 13.3 cm Length 15 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 36.041 095 45.898 Mo 892.19 on bank 2.6 7.3   
03/28/08 40 36.041 095 45.898 Mo 892.19 on bank 2.6 7.3  
04/11/08 40 36.041 095 45.898 Mo 892.19 on bank 2.6 7.3  
04/17/08 40 36.041 095 45.898 Mo 892.19 on bank 2.6 7.3  
05/02/08 40 36.041 095 45.898 Mo 892.19 on bank 2.6 7.3  
06/23/08 40 36.041 095 45.898 Mo 892.19 on bank 2.6 7.3  
09/10/08 40 36.041 095 45.898 Mo 892.19 on bank 2.6 7.3 0.00 
  
   
 
 1
0
1
 
        
48-211 (Diameter 15.8 cm Length 6.4 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 35.994 095 45.026 Mo 892.19 0 0   
03/20/08 40 35.994 095 45.026 Mo 892.19 0 0  
03/28/08 40 35.994 095 45.026 Mo 892.19 0 0  
04/11/08 40 35.994 095 45.026 Mo 892.19 0 0  
04/17/08 40 35.994 095 45.026 Mo 892.19 0 0  
05/02/08 40 35.994 095 45.026 Mo 892.19 0 0  
09/15/08 40 35.994 095 45.026 Mo 892.19 0 0 0.00 
  
   
 
 1
0
2
 
        
49-065 Diameter 18 cm Length 12 m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 33.204 095 45.909 Mo 885.27 On Bank Hanging over +1.0 9.2   
03/20/08 40 33.204 095 45.909 Mo 885.27 On Bank Hanging over +1.0 9.2  
03/28/08 40 33.204 095 45.909 Mo 885.27 On Bank Hanging over +1.0 9.2  
04/11/08 40 33.204 095 45.909 Mo 885.27 On Bank Hanging over +1.0 9.2  
04/17/08 40 33.204 095 45.909 Mo 885.27 On Bank Hanging over +1.0 9.2  
05/02/08 40 33.204 095 45.909 Mo 885.27 On Bank Hanging over +1.0 9.2  
06/20/08 40 33.204 095 45.909 Mo 885.27 On Bank Hanging over +1.0 9.2  
09/15/08 40 33.204 095 45.909 Mo 885.27 On Bank Hanging over +1.0 9.2 0.00 
  
   
 
 1
0
3
 
        
48-691 (Diameter 13 cm Length 12 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 27.629 095 55.726 Mo 1023.32 In water In log jam in Water   
03/20/08 41 27.629 095 55.726 Mo 1023.32 In water In log jam in Water  
03/28/08 41 27.629 095 55.726 Mo 1023.32 In water In log jam in Water  
04/11/08 41 27.629 095 55.726 Mo 1023.32 In water In log jam in Water  
04/17/08 41 27.629 095 55.726 Mo 1023.32 In water In log jam in Water  
05/02/08 41 27.629 095 55.726 Mo 1023.32 In water In log jam in Water  
07/10/08 39 12.645 94 19.205 Mo 558.00 Unknown (Aerial)Lots of LWD on ISB  Unknown (Aerial)  
09/15/08 39 12.645 94 19.205 Mo 558.00 Unknown (Aerial)Lots of LWD on ISB  Unknown (Aerial) 465.42 
  
   
 
 1
0
4
 
        
48-561 (Diameter 20.2 cm Length 11 m)  Terminus not determined   
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 26.930 095 55.232 Mo 1021.72 15m On lowered wing dike 0.5   
03/20/08 41 26.930 095 55.232 Mo 1021.72 15m On lowered wing dike 0.5  
03/28/08 41 26.930 095 55.232 Mo 1021.72 15m On lowered wing dike 0.5  
04/11/08 41 26.930 095 55.232 Mo 1021.72 15m On lowered wing dike 0.5  
04/17/08 41 26.930 095 55.232 Mo 1021.72 15m On lowered wing dike 0.5  
05/02/08 41 26.930 095 55.232 Mo 1021.72 15m On lowered wing dike 0.5 Unknown 
  
   
 
 1
0
5
 
        
48-871 (Diameter 7.7 cm Length 9 m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 42.026 095 51.137 Mo 907.32 On Bank +3   25   
03/20/08 40 42.026 095 51.137 Mo 907.32 On Bank +3    25  
03/28/08 40 42.026 095 51.137 Mo 907.32 On Bank +3   25  
04/11/08 40 42.026 095 51.137 Mo 907.32 On Bank +3   25  
04/17/08 40 42.026 095 51.137 Mo 907.32 On Bank +3   25  
05/02/08 40 42.026 095 51.137 Mo 907.32 On Bank +3   25  
07/10/08 40 42.026 095 51.137 Mo 907.32 On Bank +3   25  
08/13/08 40 42.026 095 51.137 Mo 907.32 On Bank +3   25  
09/15/08 40 42.026 095 51.137 Mo 907.32 On Bank +3   25 0.00 
  
   
 
 1
0
6
 
        
48-771 (Diameter 21 cm Length 13.3 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 36.648 095 45.310 Mo 894.12 behind Kicker dike and chute cutoff 0.3   
03/20/08 40 36.648 095 45.310 Mo 894.12 behind Kicker dike and chute cutoff 0.3  
03/28/08 40 36.648 095 45.310 Mo 894.12 behind Kicker dike and chute cutoff 0.3  
04/11/08 40 36.648 095 45.310 Mo 894.12 behind Kicker dike and chute cutoff 0.3  
04/17/08 40 36.648 095 45.310 Mo 894.12 behind Kicker dike and chute cutoff 0.3  
05/02/08 40 36.648 095 45.310 Mo 894.12 behind Kicker dike and chute cutoff 0.3  
07/10/08 39 44.050 094 56.020 Mo 712.79 Unknown (Aerial) Unknown (Aerial)  
09/15/08 39 44.050 094 56.020 Mo 712.79 Unknown (Aerial) Unknown (Aerial) 181.37 
 
  
   
 
 1
0
7
 
        
48-151 (Diameter 13.8 cm Length 17 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1   
03/20/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1  
03/28/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1  
04/11/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1  
04/17/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1  
05/02/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1  
06/23/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1  
07/10/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1  
09/15/08 40 36.458 095 45.109 Mo 892.83 2.9 4.1 0.00 
  
   
 
 1
0
8
 
        
48-191 (Diameter 41 cm Length 29 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1   
03/20/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1  
03/28/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1  
04/11/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1  
04/17/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1  
05/02/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1  
06/23/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1  
07/10/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1  
09/15/08 40 36.458 095 45.109 Mo 892.83 On bank 1.8 2.1 0.00 
  
   
 
 1
0
9
 
        
48-712 (Diameter 17 cm Length 11.2 m)  Terminus not determined   
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 33.445 095 45.936 Mo 885.43 7.2 0.8   
03/20/08 40 33.445 095 45.936 Mo 885.43 7.2 0.8  
03/28/08 40 33.445 095 45.936 Mo 885.43 7.2 0.8  
04/11/08 40 33.445 095 45.936 Mo 885.43 7.2 0.8  
04/17/08 40 33.445 095 45.936 Mo 885.43 7.2 0.8  
05/02/08 40 33.445 095 45.936 Mo 885.43 7.2 0.8 Unknown 
  
   
 
 1
1
0
 
        
48-411 (Diameter 15.1 cm Length 11 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 32.843 095 45.911 Mo 884.15 On downstream side of Wing dike 3   
03/20/08 40 32.843 095 45.911 Mo 884.15 On downstream side of Wing dike 3  
03/28/08 40 32.843 095 45.911 Mo 884.15 On downstream side of Wing dike 3  
04/11/08 40 32.843 095 45.911 Mo 884.15 On downstream side of Wing dike 3  
04/17/08 40 32.843 095 45.911 Mo 884.15 On downstream side of Wing dike 3  
05/02/08 40 32.843 095 45.911 Mo 884.15 On downstream side of Wing dike 3  
07/10/08 39 54.650 095 12.130 Mo 772.32 Unknown (Aerial) Unknown (Aerial)  
09/15/08 39 54.650 095 12.130 Mo 772.32 Unknown (Aerial) Unknown (Aerial) 111.85 
  
   
 
 1
1
1
 
        
48-471 (Diameter 16.3 cm Length 6.1 m)  Terminus not determined   
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 35.281 095 46.351 Mo 888.97 4.1 0.2   
03/20/08 40 35.281 095 46.35 Mo 888.97 4.1 0.2  
03/28/08 40 35.281 095 46.35 Mo 888.97 4.1 0.2  
04/11/08 40 35.281 095 46.35 Mo 888.97 4.1 0.2  
04/14/08 40 34.814 095 46.383 Mo 888.17 floating in water - leaving chute in water  
04/14/08 40 33.414 095 45.950 Mo 884.95 floating in water in water Unknown 
  
   
 
 1
1
2
 
        
48-281 (Diameter 17.3 cm Length 7.5 m)  Terminus not determined   
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 35.281 095 46.351 Mo 888.97 4 0   
03/20/08 40 35.281 095 46.351 Mo 888.97 4 0  
03/28/08 40 35.281 095 46.351 Mo 888.97 4 0  
04/11/08 40 35.281 095 46.351 Mo 888.97 4 0  
04/14/08 40 34.829 095 46.361 Mo 888.17  in water  
05/02/08 40 17.910 095 34.224 Mo 840.54 Stuck on overflowing kicker dike in water 48.44 
  
   
 
 1
1
3
 
        
48-451 (Diameter 13 cm Length 6 m)   Terminus not determined   
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 40 35.592 095 46.351 Mo   4.1 0.2 Unknown 
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48-301 (Diameter 21 cm Length 7 m)     Terminus located      
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 26.370 095 55.570 Mo 1020.11 On Bank +1 9   
03/20/08 41 26.370 095 55.570 Mo 1020.11 On Bank +1 9  
03/28/08 41 26.370 095 55.570 Mo 1020.11 On Bank +1 9  
04/11/08 41 26.370 095 55.570 Mo 1020.11 On Bank +1 9  
04/17/08 41 26.370 095 55.570 Mo 1020.11 On Bank +1 9  
05/02/08 41 26.370 095 55.570 Mo 1020.11 On Bank +1 9  
06/23/08 40 59.657 095 51.394 Mo 948.83 On Bank +1.8 4.5 71.29 
06/26/08 40 59.657 095 51.394 Mo   Tag Removed     
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48-031 (Diameter 11 cm Length 9 m)   Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 27.897 095 57.227 Mo 1025.42 6 5   
03/20/08 41 27.897 095 57.227 Mo 1025.42 6 5  
03/28/08 41 27.897 095 57.227 Mo 1025.42 6 5  
04/11/08 41 27.897 095 57.227 Mo 1025.42 6 5  
04/17/08 41 27.897 095 57.227 Mo 1025.42 6 5  
05/02/08 41 27.897 095 57.227 Mo 1025.42 6 5  
06/23/08 41 27.897 095 57.227 Mo 1025.42 6 5  
08/13/08 41 27.897 095 57.227 Mo 1025.42 6 5  
09/10/08 41 27.897 095 57.227 Mo 1025.42 6 5 0.00 
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48-731 (Diameter 21.7 cm Length 11 m)  Terminus located    
Date Latitude Longitude River River km Distance from BFW (m) 
Distance from water 
(m) 
Total River 
km traveled 
03/10/08 41 26.368 095 55.570 Mo 1020.11 1 7   
03/19/08 41 26.368 095 55.570 Mo 1020.11 1 7  
03/28/08 41 26.368 095 55.570 Mo 1020.11 1 7  
04/11/08 41 26.368 095 55.570 Mo 1020.11 1 7  
04/17/08 41 26.368 095 55.570 Mo 1020.11 1 7  
05/02/08 41 26.368 095 55.570 Mo 1020.11 1 7  
06/20/08 41 15.811 095 55.270 Mo 991.95 Topside of wingdike in a tree pile in water  
06/24/08 41 15.811 095 55.270 Mo 991.95 Topside of wingdike in a tree pile in water  
08/13/08 41 15.811 095 55.270 Mo 991.95 Topside of wingdike in a tree pile in water  
09/10/08 41 15.811 095 55.270 Mo 991.95 Topside of wingdike in a tree pile in water 28.16 
 
